Although malignancy is an established risk factor for venous thromboembolism (VTE), the risk of VTE specifically in patients with keratinocyte carcinoma (KC) has not been previously studied.
V enous thromboembolism (VTE), a condition that includes both deep venous thrombosis and pulmonary embolism, is associated with high morbidity and mortality in patients, resulting in 200 000 to 300 000 hospitalizations and 50 000 to 100 000 deaths annually in the United States. 1, 2 There is a well-known association between VTE and malignant neoplasms. Venous thromboembolism has been found to occur in up to 20% of patients with cancer, who may have a 4-to 7-fold increased risk of VTE compared with the general population. 3, 4 The risk of VTE is not uniform across different types of cancer. Cancers associated with the highest risk of VTE include pancreatic, brain, ovarian, and bone as well as leukemia and lymphoma. 4, 5 Risk of VTE in other types of cancer may be much lower; for example, Blom et al 4 found a cumulative incidence of VTE to be 22.7 per 100 000 patients for those with pancreatic cancer and 32.6 per 100 000 patients for those with ovarian cancer compared with 2.7 per 100 000 patients with melanoma.
Despite the large variability in the incidence of VTE across various malignant neoplasms, a diagnosis of cancerregardless of type-is typically treated as a uniform risk factor in risk assessment models for VTE prophylaxis. One of the most commonly used risk stratification models for VTE is the Caprini score, 6 a validated model that assigns points based on numerous risk factors for VTE and subsequently stratifies patients into risk categories. Based on a patient's score, various prophylaxis regimens may be used for patients undergoing surgery, ranging from early ambulation to mechanical prophylaxis with sequential compressive devices, or chemoprophylaxis with fondaparinux sodium, unfractionated heparin, or low-molecular-weight heparin. 7 Based on the Caprini score, a diagnosis of c ancereither present or previous-is worth 2 points, which alone equates to the upper end of the "low risk" category for which mechanical prophylaxis is recommended. Patients with a diagnosis of cancer and just 1 additional risk factor (age 41-60 years or planned minor surgery) are classified as "moderate risk," for which both chemoprophylaxis and mechanical prophylaxis are recommended. 6 , 8 ,9 Recently, Caprini 10 has begun to exclude basal cell carcinoma from this calculation, but no reference to evidence is given. Although rates of VTE in numerous malignant neoplasms have been previously reported, the association between keratinocyte carcinoma (KC)-which includes both basal cell carcinoma and squamous cell carcinoma-and VTE has not been previously studied. The additional risk of VTE associated with KC remains unknown, but patients with a diagnosis of squamous cell carcinoma or basal cell carcinoma are routinely classified as being at heightened risk for a thromboembolic event because of their cancer diagnosis, consequently affecting treatment considerations such as perioperative anticoagulation. This study aims to determine the risk of VTE associated with KC by comparing rates of VTE in these patients with rates in patients without cancer, or in patients with malignant neoplasms known to incur a high risk of VTE.
Methods

Data Source
A retrospective analysis was performed using data from the Truven Health MarketScan Commercial and Medicare Supplemental Databases (Truven Health Analytics), which contains deidentified insurance claims data corresponding to more than 200 million individuals across the United States who receive private health insurance from self-insured employers and other health plans. Claims reflect services provided to enrollees, their spouses, and their dependents in inpatient and outpatient settings and include outpatient pharmacy claims. The database was queried for diagnoses made between January 1, 2007, and December 31, 2014, using International Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes for patient selection. Analysis of these data occurred between April 1, 2017, and January 15, 2018. The Research and Compliance Office at the Stanford University School of Medicine, Stanford, California, deemed the study exempt from human participants review. The Stanford University School of Medicine waived the need for patient informed consent; an exemption was provided given the lack of identifiable patient information.
Study Cohort
Of 3 cohorts identified, a cohort of patients with KC was identified by querying the database for all patients with a diagnosis (ICD-9 diagnosis code) of cutaneous squamous cell carcinoma (173.x2) or basal cell carcinoma (173.x1); ICD-9 diagnosis codes used to identify diagnoses of basal cell carcinoma are inclusive of KC with basosquamous morphologic features. Patients were excluded if they were younger than 18 years, did not have 12 months of continuous insurance enrollment before or after the initial diagnosis of KC, or had a medical history of the 14 most commonly diagnosed types of cancers in the United States that together account for more than 75% of all new cancer cases ( Table 1) .
11 These 14 types of cancer were excluded to minimize the risk of confounding resulting from the increased risk of VTE associated with these malignant neoplasms. Patients were also excluded if they were treated prior to January 1, 2011, to ensure that the KC cohort was specific
Key Points
Question Is keratinocyte carcinoma an independent risk factor for venous thromboembolism?
Findings In this population-based analysis of data from 740 246 individuals in a nationwide insurance claims database, there was no statistically significant difference in the risk of venous thromboembolism in the cohort of patients with keratinocyte carcinoma compared with the cohort not previously diagnosed with cancer. Both cohorts were matched across patient characteristics and known risk factors for venous thromboembolism.
Meaning Prophylactic anticoagulation should not be administered perioperatively in patients with keratinocyte carcinoma and no other risk factors for venous thromboembolism.
to the squamous cell carcinoma and basal cell carcinoma diagnoses. Prior to January 1, 2011, all types of nonmelanoma skin cancer (squamous cell carcinoma, basal cell carcinoma, unspecified, and other specified) were represented by 1 ICD-9 diagnosis code for each skin subsite; it was not until January 1, 2011, that each type of cancer received its own code. 12 Finally, patients were excluded if demographic data were missing or ambiguous (eg, different geographic regions for treatment were recorded for services provided on the same diagnosis date). The index date for the KC cohort was defined as the date of the initial diagnosis of cancer as recorded in the data set.
A second cohort was created with patients diagnosed (ICD-9 diagnosis code) with pancreatic cancer (157.x) and acute myelogenous leukemia (AML) (205.xx), 2 malignant neoplasms previously shown to have a high risk of VTE.
5,13,14 Exclusion criteria for the high-risk cohort included those criteria used to create the KC cohort. Patients were also excluded if they had a history of KC or any of the 12 remaining most common types of cancer other than AML and pancreatic cancer. The index date for the high-risk cohort, as with the KC cohort, was defined as the date of the initial diagnosis of cancer as recorded in the data set.
A third cohort was created to approximate a noncancer or control cohort to represent individuals with an average risk of VTE. We selected a random sample of all patients in the database who did not have a history of KC or the 14 most common types of cancer. Similarly, patients were excluded if they were younger than 18 years, were treated before January 1, 2011, and did not have 12 months of continuous insurance enrollment prior to and after the index date, defined as the initial date of 365 days of continuous insurance enrollment. Patients in this control cohort were also excluded if they were diagnosed with any form of metastatic disease after the index date.
Explanatory Variables
Patient characteristics included age, sex, type of insurance, geographic region, and year of treatment, which were captured on the index date for patients with KC and high-risk patients and on the latest date of service for the control patients in the 1-year look-back period. Covariates also included risk factors for VTE specified in the Caprini score. These covariates (medications and comorbidities within 30 days prior to the index date) included warfarin sodium and oral contraceptive use and sepsis, stroke, congestive heart failure, and bone fracture of the lower extremity. Comorbidities within 1 year prior to the index date included obesity, pregnancy, pedal edema, prior VTE, varicose veins, myocardial infarction, inflammatory bowel disease, chronic obstructive pulmonary disease, and other hypercoagulable states ( Table 2 ). In addition, we captured whether a patient was diagnosed (ICD-9 diagnosis code) with any form of metastatic disease (196.x, 197.x, 198 .xx, and 199.x) in the year following the index date, as metastases have been previously associated with an increased risk of VTE. 15 A patient's overall comorbidity burden was further assessed using the van Walraven index, a formulation of the Elixhauser index, which represents 30 comorbidities as a single score that reflects association with mortality.
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Outcome Variables
The primary outcome of this study was the risk of VTE within 1 year following a patient's index date, defined as the date of initial diagnosis of cancer; for the control cohort, index date is defined as the date following 365 days of continuous insurance enrollment. For patients in each of the 3 cohorts, diagnoses of VTE were identified using ICD-9 codes 453.4x, 453.8x, and 415.1x.
Statistical Analysis
The association between cancer status and risk of VTE was explored by independently comparing the KC cohort with the high-risk cohort and the control cohort. The risk of VTE was represented as an odds ratio (OR) and was assessed for each comparison using univariable and multivariable logistic regression, which included patient characteristics and risk factors for VTE as covariates. Risk of VTE was also assessed after matching (through an exact matching procedure) the 2 cohorts in a given comparison across patient characteristics and risk factors for VTE. Odds ratios were represented with 95% CIs and a 2-sided significance level of P < .05. Summary statistics were produced using analysis of variance tests for quantitative variables and χ 2 analyses for categorical variables.
Data extraction and manipulation was performed using SAS, version 9.4 (SAS Institute Inc), and further analysis was Table 2 ). The patients in the control cohort were younger than the patients in the other 2 cohorts, with a mean (SD) age of 42.9 (15.2) years compared with 64.2 (13.6) years for the KC cohort and 59.4 (14.4) years for the high-risk cohort (P < .001). The control cohort also had lower prevalence of nearly all of the assessed comorbidities, including heart and lung disease (congestive heart failure, myocardial infarction, and chronic obstructive pulmonary disease), history of stroke, and history of VTE as well as a lower mean (SD) van Walraven index (0.56 [3. 27] compared with 2.08 [4.88] for the KC cohort and 9.03 [8.64] for the high-risk cohort; P < .001). Risk factors for VTE that were more prevalent in the control group than in either of the 2 cancer cohorts were obesity, pregnancy, and oral contraceptive use.
Univariable analysis showed that the KC cohort had a lower risk for VTE compared with the high-risk cohort (OR, 0.22; 95% CI, 0.20-0.23; P < .001) (Figure 2) . This association was also observed following multivariable analysis (OR, 0.29; 95% CI, 0.26-0.32; P < .001). Table 3 shows the results of exact matching across patient characteristics and known risk factors for VTE, including the number of matched and unmatched participants. Logistic regression following matching also showed lower odds of VTE in the KC cohort compared with the highrisk cohort (OR, 0.52; 95% CI, 0.35-0.78; P = .001) (Figure 2) . Thus, all 3 models suggested that the risk for VTE in the KC cohort population were lower compared with the high-risk (AML or pancreatic cancer) cohort population. The high-risk cohort includes patients with acute myeloid leukemia and those with pancreatic cancer. Matched is defined as matching patient characteristics and known risk factors for VTE between 2 cohorts. AML indicates acute myelogenous leukemia. The KC cohort showed higher risk for VTE compared with the control cohort in univariable analysis (OR, 2.31; 95% CI, 2.23-2.41; P < .001) (Figure 2 ). Multivariable analysis showed the risk for VTE in the KC cohort as slightly lower (OR, 0.85; 95% CI, 0.80-0.90; P < .001) than for those in the control cohort. A statistically significant association was not observed in the analysis following matching across patient characteristics and known risk factors for VTE (OR, 0.95; 95% CI, 0.89-1.01; P = .08).
When assessed in multivariable regression, we found that a diagnosis of metastasis within 1 year following the index date was a strong risk factor for VTE in comparisons of both the KC vs the control cohort (OR, 1.76; 95% CI, 1.45-2.14; P < .001) and the KC vs the high-risk cohort (OR, 2.82; 95% CI, 2.50-3.18; P < .001).
Discussion
This study assessed the risk of VTE in patients with KC, which has not been examined previously to our knowledge. Compared with the high-risk cohort of patients diagnosed with either AML or pancreatic cancer, patients with KC showed significantly lower risk of VTE following the cancer diagnosis in univariable analysis, multivariable analysis, and after matching of patient characteristics and known risk factors of VTE. Although the KC cohort also had higher risk of VTE compared with the control cohort in univariable regression, analysis after matching of the cohorts across all covariates-including known risk factors for VTE, which were more prevalent in the KC cohort-did not find a statistically significant difference between the 2 cohorts. Of note, risk for VTE in the KC cohort was slightly lower than that of the control cohort in multivariable analysis prior to matching. This result may be because the control cohort did not completely represent a typical healthy adult but rather reflected a sicker population that was at higher risk for VTE. One possible explanation for this increased baseline risk for VTE was that we only excluded the most common cancers, representing 75% of all cancer diagnoses, from the control cohort for simplicity; a subset of the control cohort may have been diagnosed with other cancers that could have increased the risk for VTE. Given that the effect size estimated in multivariable regression was much smaller than that observed in the KC vs highrisk cohort comparison, and that analysis following the matching of cohorts did not find a statistically significant difference in the rates of VTE between the KC vs control cohort, it is possible that the association observed in multivariable regression was not clinically significant.
Use of prophylactic anticoagulants in patients at increased risk for VTE can be lifesaving but may also introduce its own set of risks. In the perioperative setting, VTE chemoprophylaxis has been associated with an increased rate of bleeding complications, including wound hematoma, bleeding of the injection, and the need for postoperative transfusion. [18] [19] [20] These complications can be particularly troublesome when dealing with resection and reconstruction, which often involves a variety of local skin flaps and skin grafts that can be impaired by localized bleeding. Furthermore, even prophylactic dosing of heparin can increase the risk of heparin-induced thrombocytopenia, an adverse drug reaction in which antibodies to heparin result in thrombocytopenia and an increased risk of thrombotic events. 18 While rates of this uncommon but life-threatening complication vary widely in different populations, surgical patients and those who receive unfractionated heparin rather than low-molecularweight heparin are at greatest risk for heparin-induced thrombocytopenia, with a rate as high as 5% reported in patients receiving unfractionated heparin while undergoing orthopedic surgical procedures. 21 A recent systematic review by 2 of us (S. P. Moubayed and S. P. Most) found that rates of VTE vary significantly by surgical specialty; thus, interpretation of Caprini scores varies by specialty. 22 Because most current risk assessment models, such as the Caprini score, do not specifically include or exclude the diagnosis of KC; however, providers who strictly adhere to such models may use preoperative chemoprophylaxis solely on the basis of a diagnosis of KC and in the absence of other risk factors for VTE. Given the potential for adverse events associated with VTE chemoprophylaxis, it is paramount that such prophylaxis is not given reflexively to all patients who undergo surgery, but rather only to patients with a truly elevated risk of a thromboembolic event. The findings from our study argue that, in the absence of other risk factors, patients with nonmetastatic KC undergoing a minor surgical procedure (defined in the Caprini scoring system as any surgical procedure taking <45 minutes) should not receive VTE chemoprophylaxis.
Limitations
This study has several limitations. The MarketScan database includes only patients with private health insurance and may not be generalizable to uninsured patients or those insured patients covered by Medicaid or Medicare. While we were able to identify general diagnoses of metastatic disease, billing codes do not provide information of the corresponding primary tumor or of the tumor characteristics, precluding further examination of stage-or morphologic feature-specific associations and limiting our conclusions to patients with primary KC. Furthermore, multivariable regression and matching can only balance cohorts based on measured covariates; potential confounders not captured in billing codes, such as the duration of the surgical procedure and the use of sequential compressive devices during hospitalization, could bias results. Finally, this study is limited to follow-up of 1 to 3 years given that ICD-9 diagnosis codes specific to cutaneous KC were introduced only in late 2011.
Conclusions
Venous thromboembolism is a significant problem because of its morbidity, mortality, and associated health care costs. While chemoprophylaxis is important when treating patients with an increased risk of VTE, it is equally important that such agents are not administered inappropriately because they can lead to perioperative complications. In this population-based study, we found no evidence of increased risk of VTE in patients with KC compared with a control cohort. These results argue for careful consideration of risk assessment models, such as the Caprini score, when a surgical procedure is planned for a patient with KC and no other risk factors for VTE in order to limit unnecessary exposure to the potential risk of VTE chemoprophylaxis.
